1. Introduction {#sec1}
===============

Non-small cell lung cancer (NSCLC) accounts for 85%--90% of all lung cancers, which are the leading cause of cancer-related deaths \[[@bib1]\]. Brain metastasis (BM) is noted in 13%--54% of NSCLC patients \[[@bib2]\]. With the rapid development of surgery, chemotherapy, and radiotherapy, the control of extracranial lesions has significantly improved for lung cancer patients, but the incidence of BM has not declined. Survival after BM diagnosis remains poor with an average ranging from 1.5 to 9.5 months \[[@bib3],[@bib4]\]. Therefore, it is essential to improve the prediction and prevention of BM.

The benefit of prophylactic cranial irradiation (PCI) in the treatment of patients with acute lymphoblastic leukemia or small cell lung cancer has been well established, and PCI is now a part of the standard therapeutic course \[[@bib5]\]. However, the results of previous studies evaluating PCI for NSCLC were less than satisfactory. Indeed, in most trials, PCI reduced the incidence of BM, but had no impact on overall survival \[[@bib6],[@bib7]\]. This observation may reflect the fact that not all patients with NSCLC require PCI \[[@bib2]\]. Moreover, PCI can be associated with acute side effects, including neurotoxicity. Therefore, it is essential to develop reliable tools to identify the subset of patients at the highest risk of BM, and most likely to benefit from PCI.

The pretreatment factors that have been used to predict a high incidence of BM include histology, disease extent, and young age. However, the data relating to these factors are not consistent and often contradictory \[[@bib8],[@bib9]\]. To date, only a few inherited genetic markers have been shown to detect NSCLC patients at a high risk of BM. While a previous study showed that the expression levels of the *CDH2* (N-cadherin), *KIFC1,* and *FALZ* genes correlate with the risk of BM in NSCLC patients \[[@bib10]\], we have recently shown that single nucleotide polymorphisms (SNPs) in *AKT1* can also predict the risk of BM in NSCLC patients \[[@bib11]\].

Akt, also known as protein kinase B (PKB), is a serine/threonine-specific protein kinase that plays a central role in fundamental biological processes, including cell proliferation, glucose metabolism, cell migration, apoptosis, cell cycle regulation, and angiogenesis \[[@bib12]\]. Akt is an integral component of the PI3K/Akt/mTOR signaling pathway but also mediates other signal transduction pathways, such as the epidermal growth factor receptor pathway and Wnt signaling cascade. Indeed, the activated form of Akt, phosphorylated-Akt (p-Akt), can regulate numerous downstream factors, including NF-κB, BAD, GSK-3, and Wee 1 \[[@bib13]\]. Importantly, previous studies have shown that aberrant Akt activation is associated with the development of many tumors. Consequently, Akt inhibition shows great therapeutic potential in the treatment of many malignancies. Furthermore, p-Akt expression level has been associated with the prognosis of several cancers \[[@bib14],[@bib15]\], including NSCLC where p-Akt overexpression has been reported as an indicator of poor prognosis \[[@bib16], [@bib17]\].

While the role of p-Akt in the development of extracranial lesions in NSCLC patients is well-established \[[@bib18]\], its role in the development of BM remains to be fully elucidated. Moreover, further studies are needed to understand the complex mechanisms underlying Akt activation. We previously reported that genetic variations in the *AKT1* gene could be used to predict the risk of BM \[[@bib11]\]. To validate further and expand our findings, in the present study, we examined p-Akt expression at the protein level in NSCLC tumor tissues and analyzed its association with the risk of BM and SNPs in *AKT1*.

2. Materials and methods {#sec2}
========================

2.1. Study population and data collection {#sec2.1}
-----------------------------------------

The study was based on a consecutive case series of 99 NSCLC patients, who were all found to have pathological tissue masses in our previous study and treated surgically at Tongji Hospital between 2007 and 2011. All the tissue samples analyzed came from paraffin-embedded tumor masses. The Karnofsky fitness score (KPS) of all patients was above 70, and all had a life expectancy exceeding six months. Epidemiological data were collected with questionnaires before enrollment and included information on demographics, smoking history, alcohol consumption, medical history, family history of cancer, and occupational exposure to potential carcinogens. Clinical and follow-up data on treatment regimens, disease stage, pretreatment performance status, and survival status at the time of analysis were obtained from patients\' medical records. Please refer to our previous study for the definitions of disease staging, smoking status, diagnosis of brain metastasis, time to brain metastasis, and follow-up time \[[@bib11]\]. The study was approved by the Ethics Committee of Tongji Medical College. Written informed consent was obtained from all patients before interview.

2.2. Polymorphism selection and genotyping {#sec2.2}
------------------------------------------

We selected two SNPs in *AKT1* (rs2498804 and rs2494732) that were associated with BM in our previous study. The SNPs were genotyped as described previously \[[@bib11]\]. Briefly, Genomic DNA was isolated from peripheral blood lymphocytes by using a QuickGene DNA whole blood kit S (Fuji Film) according to the manufacturer\'s protocol, and stored at −80 °C until use. *AKT1*: rs2494732 was genotyped using TaqMan assay. *AKT1*: rs2498804 was genotyped by using matrix-assisted laser desorption/ionization-time of flight mass spectrophotometry to detect allele-specific primer extension products with the MassARRAY platform (Sequenom, Inc.). Assay data were analyzed using Sequenom TYPER software (version 4.0). The individual call rate threshold was at least 95%.

2.3. Tissue immunohistochemical staining {#sec2.3}
----------------------------------------

First, paraffin-embedded sections were incubated for 2 h in a 65 °C oven and rinsed three times for 5 min each with phosphate-buffered saline (PBS). Then, the samples were dewaxed by immersing in xylene three times for 10 min each and hydrated by immersing in 100%, 95%, 75% ethanol for 5 min each and deionized water for 10 min. After blocking endogenous peroxidase with 3% hydrogen peroxide for 15 min, the samples were rinsed three times for 5 min each with PBS. For antigen retrieval, the samples were immersed in sodium citrate (pH 8.0) for 2 min and rinsed three times for 5 min each with PBS.

Following 20 min incubation with 5% BSA Protein Blocking Buffer, the slides were incubated overnight at 4 °C with primary rabbit antibodies against p-Akt (1:200, Ser473, D9E, IHC specific, Cell Signaling, USA). Then, the slides were washed with PBS, incubated for 30 min at 37 °C with mouse anti-rabbit IgG secondary antibodies, and stained with diaminobenzidine (DAB) for 1--10 min. After washing once, the slides were counterstained for 2 min with hematoxylin, differentiated for 1 s in hydrochloric acid-ethanol solution, returned to blue for 6 s in ammonia water, and gradually dehydrated in 75%, 95%, and 100% ethanol. Finally, the slides were air-dried in a fume hood and sealed with a neutral resin.

2.4. Assessment of p-Akt expression level {#sec2.4}
-----------------------------------------

Two pathologists performed a blind, semi-quantitative scoring of the stained sections. Cells with cytoplasmic and/or nuclear staining were considered positive. We used two indexes to estimate the level of expression of p-Akt, the percentage of positive cells (PP) and arbitrary staining intensity (SI). In brief, five high magnification fields were randomly selected, the PP for 200 cells in each field was determined, and the mean value was calculated. The SI was scored as follow: 0 = negative, 1 = weak, 2 = moderate, and 3 = strong. The level of expression of p-Akt was finally estimated using the H value. The H value was obtained by multiplying the PP by the SI score, resulting in a maximum H value of 300 (100% × 3). For the subsequent statistical analysis, the H value was categorized as negative (0--9), low (10--100), medium (101--200), and high (201--300) \[[@bib19]\].

2.5. Statistical analysis {#sec2.5}
-------------------------

All statistical analyses were performed using the SPSS software package version 16.0. The relationship between p-Akt and *AKT1* variant genotypes was analyzed using the chi-square test (Phi correlation). Kaplan--Meier curves were plotted to assess the cumulative probability of BM. The log-rank test was used to examine differences between groups. The Cox proportional hazards model was used to estimate the hazard ratio (HR) and 95% confidence intervals (CIs) for the influence of p-Akt expression level on the risk of BM. The model was adjusted for disease stage, tumor histology, and smoking status. All *P*-values were two-sided, and *P*-values below 0.05 were considered statistically significant.

3. Results {#sec3}
==========

3.1. Patients' clinicopathological features {#sec3.1}
-------------------------------------------

The clinicopathological features of the 99 patients (66 men and 33 women) are listed in [Table 1](#tbl1){ref-type="table"}. The median age of all patients was 58 years (range, 32--77 years), 76% had stage I to IIIA disease, 75% had adenocarcinoma, and 53% had smoked tobacco (77% of the men and \<1% of the women). Twenty-three patients had developed BM at 24 months of mean follow-up (range, 0--80 months). We performed Chi-square analyses of the association between clinicopathological features of the tumors and the level of expression of p-Akt. In this small group study, we only found a correlation between the patients' sex and the level of expression of p-Akt ([Table 1](#tbl1){ref-type="table"}).Table 1p-AKT expression levels and clinicopathological features of 99 patients.Table 1CharacteristicNo. of Patientsp-AKT expression*X*^2^*P* ValueNegative + LowMedium + HighSex Female3316 (49)17 (51)9.3930.002 Male6652(79)14 (21)Age, years ≥60 years4231(74)11 (26)0.8900.345 \<60 years4737 (65)20 (35)Disease stage at diagnosis I, II, IIIA7551 (68)24 (32)0.0680.794 IIIB, IV2417 (71)7 (29)Tumor histology Squamous cell2521 (84)4 (16)3.6460.056 Adenocarcinoma7447 (64)27 (36)Smoking Status Current or Former4440 (77)12 (23)3.4550.063 Never4728 (60)19 (40)

3.2. p-Akt expression level in NSCLC {#sec3.2}
------------------------------------

Overall, p-Akt was mainly expressed in the cytoplasm of the tumor cells and was only detected in the nucleus for one of 99 cases. Remarkably, our data show that p-Akt expression could be detected in 67% of the NSCLC cases tested ([Table 2](#tbl2){ref-type="table"}). Of the 99 patients, 33 (33%) were negative for p-Akt (H value between 0 and 9, [Fig. 1](#fig1){ref-type="fig"}A), 35 (36%) exhibited low p-Akt expression (H value between 10 and 100, [Fig. 1](#fig1){ref-type="fig"}B), 16 (16%) medium p-Akt expression (H value between 101 and 200, [Fig. 1](#fig1){ref-type="fig"}C), and 15 (15%) strong p-Akt expression (H value between 201 and 300, [Fig. 1](#fig1){ref-type="fig"}D).Table 2p-AKT expression levels.Table 2H scoreNegative (0--9)Low (10--100)Medium (101--200)High (201--300)p-AKT33 (33%)35 (36%)16 (16%)15 (15%)Fig. 1P-AKT expression levels in 99 NSCLCs. A. P-AKT was negative; B. P-AKT was low; C. P-AKT was moderate; D. P-AKT was high. All pictures are ×400 magnification.Fig. 1

3.3. p-Akt expression level and risk of BM {#sec3.3}
------------------------------------------

To assess the association between the level of expression of p-Akt and the risk of BM, we performed Kaplan-Meier and Cox proportional hazards analyses. Our data indicate that NSCLC patients with high levels of expression of p-Akt had higher cumulative probabilities of developing BM ([Fig. 2](#fig2){ref-type="fig"}). Indeed, compared to patients with low to no p-Akt expression, the patients with medium to high p-AKT expression exhibited a higher incidence of brain metastases (16% vs. 39%, [Table 3](#tbl3){ref-type="table"}). Moreover, multivariate Cox proportional hazards analyses showed that patients with medium to high p-Akt expression had a higher risk of developing BM than patients with low to no p-Akt expression (HR, 2.558, 95% CI, 1.095--5.831, *P* = 0.030, [Table 3](#tbl3){ref-type="table"}).Fig. 2Kaplan-Meier curves show cumulative brain metastases in patients with non-small cell lung cancer. Patients were grouped according to P-AKT expression levels. A. Negative, low, medium and high expression of 4 groups; B. Negative, positive expression (including low, medium, high) 2 groups; C. Points (negative + low) and (middle + high) expression of 2 groups; D. scores (negative + low + medium) and high expression of 2 groups; the results showed that patients with high P-AKT expression had an increased brain metastasis rate.Fig. 2Table 3p-AKT expression levels and brain metastases.Table 3p-AKTNo. of PatientsNo. of Events (%)Univariate AnalysisMultivariate AnalysisHR(95% CI)*P* ValueHR(95% CI)*P* ValueNegative + Low6811 (16)1.0001.000Medium + High3112 (39)2.5731.134--5.8390.0242.5581.095--5.8310.030[^2]

3.4. p-Akt expression level and SNPs in the *AKT1* gene {#sec3.4}
-------------------------------------------------------

To further evaluate p-Akt as a potential predictive marker for BM, we used the Phi correlation coefficient to examine the relationship between the level of expression of p-Akt and several *AKT1* variant genotypes. Our data clearly showed that two SNPs in *AKT1* (rs2498804 and rs2494732) were associated with p-Akt expression. Compared to patients with the rs2498804 TT and rs2494732 CC variant genotypes, patients with the rs2498804 GT/GG and rs2494732 CT/TT variant genotypes exhibited higher levels of expression of p-Akt (24% vs. 35% and 25% vs. 37%, respectively; [Fig. 3](#fig3){ref-type="fig"} and [Table 4](#tbl4){ref-type="table"}). However, in our small group study, this observed difference did not reach statistical significance (rs2498804: *χ*^2^ = 1.151, *P* = 0.283; rs2494732: *χ*^2^ = 1.554, *P* = 0.213; [Table 4](#tbl4){ref-type="table"}), and further studies are needed to confirm the association between these SNPs, the level of expression of p-Akt, and the risk of BM.Fig. 3P-AKT expression levels in patients with different genotypes of AKT1:rs2498804. A. TT type P-AKT expression is negative; B. GT type P-AKT low level expression; C. GT type P-AKT expression level is moderate; D. GG type P-AKT high level expression. All pictures are ×400 magnification.Fig. 3Table 4p-AKT expression levels and AKT gene single nucleotide polymorphisms.Table 4Polymorphisms and GenotypesNo. of Patientsp-AKT expression*X*^*2*^*P* ValueNegative + LowMedium + High*AKT1*: rs2498804 TT3325 (76)8 (24) GT + GG6643 (65)23 (35)1.1510.283*AKT1*: rs2494732 CC4735 (75)12 (25) CT + TT5132 (63)19 (37)1.5540.213

4. Discussion {#sec4}
=============

BM is one of the most challenging aspects of the clinical treatment of NSCLC patients. Indeed, intracranial recurrence affects the survival of NSCLC patients, and the related symptoms also have a strong impact on their quality of life. In the present study, we examined the relationships between the level of expression of p-Akt in NSCLC and both the risk of BM and SNPs in *AKT1*. Our data support the notion that a high level of expression of p-Akt was associated with an increased risk of BM in NSCLC patients. Moreover, the level of expression of p-Akt was higher in patients with the *AKT1* rs2498804 GG variant genotype. Further studies are needed to confirm this finding and complement our previous report on BM and genetic polymorphisms. Such studies would also advance our understanding of the mode of action of p-Akt in the biological behavior of BM in NSCLC patients.

Akt is overexpressed in many human tumors, and its oncogenic effects have been demonstrated previously \[[@bib20]\]. Akt, which acts downstream of the phosphatidylinositol 3-kinase (PI3K), regulates cell survival mechanisms and can be activated by various growth factors, including insulin, the insulin-like growth factor, and the epithelial growth factor. The activation of Akt requires the phosphorylation of both thr308/309 on its kinase activation ring and ser473/474 on its carboxyl terminus \[[@bib21]\]. Once activated, p-Akt is a powerful driver for cell survival and can counteract or inactivate intermediate components of the apoptosis cascades, such as the proapoptotic factors BAD and caspase-9, and members of the forkhead transcription factor family \[[@bib22]\]. Moreover, Akt can also regulate angiogenesis and metastasis \[[@bib23]\], two essential processes in tumor development. Previous studies have also confirmed the existence of structural activation of Akt in 90% of NSCLC cell lines, and, moreover, the relationship between p-Akt and metastasis has been reported for other tumors \[[@bib24],[@bib25]\]. Altogether, these data support our finding that a high level of expression of p-Akt can increase the risk of BM in NSCLC patients.

We also provide evidence that, in NSCLC patients, high levels of expression of p-Akt can be associated with specific SNPs in *AKT1*, such as the *AKT1* rs2498804 GG variant genotype. Multiple mechanisms may be associated with high levels of activation of the PI3K/AKT pathway, including mutations in the *PIK3CA* gene and loss of PTEN. Importantly, it was recently reported that SNPs in *AKT1* and their haplotypes are associated with the expression levels of the Akt1 protein and the apoptotic ability of the cells \[[@bib26]\].

PCI has been shown to reduce or delay the occurrence of BM in NSCLC patients, but none of the studies conducted so far have demonstrated any survival benefit \[[@bib27],[@bib28]\]. This observed absence of survival benefit may be due to a lack of choice for a more suitable preventive treatment \[[@bib2]\]. Moreover, because of the neurological damage associated with PCI, not all patients with NSCLC should receive PCI. Indeed, all patients underwent non-selective PCI because there is no test to determine which patients have a high risk of developing BM. Therefore, there is an urgent need to develop a model to predict the risk of BM in patients with NSCLC. Given that our findings will be validated in subsequent studies, these results, combined with clinicopathological data, could be the basis for a BM risk model and help predict which patients are at high risk of developing BM and should receive PCI.

When we examined the relationship between the level of expression of p-Akt and SNPs in *AKT1*, we found interesting trends that, unfortunately, were not validated by statistical analyses. This is most likely due to the small group size of our study and, therefore, special care should be taken when interpreting these results. Consequently, large randomized controlled trials are needed to verify and confirm our observations.

To conclude, our study demonstrated that a high level of expression of p-Akt is associated with an increased risk of BM in NSCLC patients. We also found that the level of expression of p-Akt is related to the *AKT1* genotype and that NSCLC patients with the rs2498804 GG variant genotype had a higher level of expression of p-Akt. However, large randomized controlled trials are needed to validate these findings and establish a marker for predicting BM in NSCLC patients.
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